According to the Biosocial theory, Borderline Personality Disorder (BPD) is developed by a biological predisposition to hyperarousal and hyperreactivity combined with an invalidating environment. Although widely supported by subjective measures, the impaired insight present in BPD may skew results, and thus psychophysiological measures have been suggested as an alternative method of examining possible biological differences in BPD. The current review aimed to critically assess psychophysiological research of BPD by electronic searching of relevant databases, with 22 articles meeting inclusion criteria. Results showed that in contrast to the hyperarousal proposed in the Biosocial theory, BPD was associated with hypoarousal and hyporeactivity to non-emotionally valenced stimuli. However, there was also evidence of BPD hyperreactivity towards negatively valenced stimuli, and impaired habituation during stressor tasks. As current psychophysiological results were inconsistent, it has been postulated that there may be possible subtypes of BPD. Further, evolutionary-based theories do not appear to adequately explain the complexity of emotion dysregulation in BPD, thus the Emotional Coherence theory has been proposed as an alternate method of conceptualising the role of psychophysiology in BPD. From the lack of clear or consistent findings, further research in the area appears necessary to determine the role of psychophysiology in BPD.
indicators in BPD has steadily begun to increase, with a further 17 empirical studies published. Hence, it appears timely to provide a dedicated review of the physiological research examining a potential biological basis for BPD. Therefore, the purpose of the current review is to compare and contrast empirical research investigating biological hyperarousal and hyperreactivity to stimuli in individuals with BPD, and discuss these results in light of the Biosocial theory.
Method
This literature review was conducted through electronic searching of ProQuest, Medline, PsycINFO and EBSCO databases for relevant articles. Key words used in the search included: Borderline Personality Disorder, Psychophysiological response, Psychophysiology, Skin Response, Skin Conduct Response, Heart Rate, Startle response, Respiratory Sinus Arrhythmia, Eye blink, Blood Pressure and Emotional stimuli, which were used both separately and in combination with one another. A manual search of significant references in the topic area was also used.
Across these databases, 1,298 articles were found, which were then narrowed to publications that had been published in academic, peer-reviewed journals, and had used at least one psychophysiological measure. Participants included those who were diagnosed with BPD, reached criteria for a BPD diagnosis, or who had clinically significant BPD features. From this narrowing, 22 articles were included in this review, which have been tabulated in Appendix (Table A1 ). All research collected was critically assessed by the first author, in areas such as the sampling and recruitment of participants, reliability of assessment and data analysis and the validity of research conclusions and generalizations made, with final inclusion of articles dependent on the agreement of both authors. This method of review has been used in previous literature reviews of BPD (Holm & Severinsson, 2008) .
Results
In the following section, the postulate of baseline hyperarousal will be reviewed, and it will be suggested that hypoarousal, rather than hyperarousal, is apparent in baseline levels of those diagnosed with BPD. From this, psychophysiological reactivity in BPD will be reviewed, with specific focus on whether the emotional valence of a stimuli affects reactivity. And lastly, it will be examined whether habituation may have a role in arousal and reactivity in BPD, followed by a discussion of the potential theoretical and research implications of these findings.
Baseline Arousal in BPD
Baseline arousal is the level of psychophysiological arousal before the presence of a stimulus, and is considered to reflect the overall resting physiological state of an individual (e.g., the baseline SCR before the presentation of a hypothesised emotionally-salient stimulus) (Ebner-Priemer et al., 2009) . The Biosocial theory postulates that individuals with BPD have a higher baseline level of arousal, which from self-report measures has been widely supported (Bland, Williams, Scharer, & Manning, 2004; Cheavens & Heiy, 2011; Ebner-Priemer & Sawitzki, 2007; Jacob et al., 2010; Kuo & Linehan, 2009; Links et al., 2008; Meyer et al., 2005; Reeves, James, Pizzarello, & Taylor, 2010; Reisch et al., 2008; Russell et al., 2007; Selby, Anestis, Bender, & Joiner, 2009 ). Research has shown significantly greater overall self-reported baseline emotional intensity of individuals with BPD (Ebner-Priemer & Sawitzki, 2007; Links et al., 2008) compared to controls (Bland et al., 2004; Jacob et al., 2010; Kuo & Linehan, 2009; Reisch et al., 2008; Russell et al., 2007) , and those with Axis I (Cheavens & Heiy, 2011; Kuo & Linehan, 2009; Stanley & Wilson, 2006) , and Axis II disorders (Meyer et al., 2005) . Thus self-report data lends support for the theorised biological vulnerability of those with BPD towards greater baseline arousal. In contrast to self-report data, psychophysiological data of arousal have shown that during baseline, those with BPD show a significantly lower HR than controls (Austin, Riniolo, & Porges, 2007; Kuo & Linehan, 2009; Lobbestael et al., 2009; Weinberg, Klonsky, & Hajcak, 2009; Schmahl et al., 2004) . They also show significantly lower RSA (Kuo & Linehan, 2009; Weinberg et al., 2009) , and BP when compared to controls during baseline (Lobbestael et al., 2009; Schmahl et al., 2004) . Thus, data using HR, RSA and BP measures indicate a trend towards lower baseline arousal, in contrast to both self-report data and the Biosocial theory.
Although research using baseline measurements of HR, RSA and BP suggest hypoarousal in BPD, results of baseline SCR are mixed. Kuo and Linehan (2009) measured physiological arousal and reactivity of 20 individuals diagnosed with BPD, to that of 20 individuals diagnosed with Social Anxiety Disorder and 20 controls, who were all age-matched. Participants engaged in a 5 minute baseline, during which the BPD group showed a significantly higher baseline SCR compared to controls (Kuo & Linehan, 2009 ), suggesting increased SNS activity during baseline.
However, other studies using SCR during baseline have found no significant differences between those with BPD and controls (Herpertz et al., 2000; Herpertz et al., 2001; Lobbestael et al., 2009; Schmahl et al., 2004; Taylor & James, 2009) , and those with Axis I (Schmahl et al., 2004) , and Axis II disorders (Lobbestael et al., 2009; Taylor & James, 2009 ). There are multiple potential reasons for this inconsistency. Firstly, Kuo and Linehan's (2009) sample included participants who were taking psychoactive medications, and comorbid anxiety disorders were also permitted in the BPD group. Both psychoactive medications and comorbid anxiety disorders could potentially influence psychophysiological measures, particularly anxiety disorders which are associated with hyperarousal (Kuo & Linehan, 2009) , which could confound psychophysiological results, with findings unlikely to be a true representation of BPD.
In summary, although Kuo and Linehan's study (2009) reported SCR hyperarousal, other research using SCR has consistently found no significant differences in baseline SCR (Herpertz et al., 2000 (Herpertz et al., , 2001 Lobbestael et al., 2009; Schmahl et al., 2004; Taylor & James, 2009 ). Thus, overall it appears that research measuring baseline arousal indicates those with BPD have a significantly lower baseline arousal than either controls, or those with Axis I or Axis II disorders. Interestingly, these results are in contrast to the hyperarousal postulated in the Biosocial theory, and findings from self-report measures. Hence, although self-report data suggest BPD is associated with hyperarousal, physiologically BPD is associated with baseline hypoarousal. Hence, the divergence between subjective and objective measures of baseline arousal in BPD requires further investigation.
Psychophysiological Reactivity in BPD
Given the level of impulsivity in BPD, the Biosocial theory considers that individuals with BPD not only are hyperaroused, but are also highly reactive to environmental stimuli. Hyperreactivity has been indicated in BPD samples through both self-report (Bland et al., 2004; Cheavens & Heiy, 2011; Ebner-Priemer & Sawitzki, 2007; Jacob et al., 2010; Links et al., 2008; Reisch et al., 2008; Russell et al., 2007) and also laboratory studies using decisionmaking and learning tasks (Chapman et al., 2008 (Chapman et al., , 2010 Domes et al., 2006; Nigg et al., 2005) . However, psychophysiological indicators are less clear.
Reactivity to Non-Emotionally Valenced Stimuli -Stimuli can be either non-emotionally valenced, (e.g., aversive noise), or emotionally valenced with stimuli linked to prior memories (e.g., scripts featuring abandonment).
Research using non-emotional stimuli (e.g., auditory stimuli) has found no significant differences in reactivity using measures of SCR (Ebner-Priemer et al., 2009; Herpertz & Koetting, 2005; Mauchnik, Ebner-Priemer, Bohus, & Schmahl, 2010; Taylor & James, 2009 ), HR (Taylor & James, 2009) or eye blink (Herpertz & Koetting, 2005) .
Research using aversive auditory stimuli (e.g., startling tones), has shown that individuals with BPD have increased SCR to stimuli (Grootens et al., 2008) , and increased eye blink responsivity (Ebner-Priemer et al., 2005) . However in contrast to these findings, other studies which also used auditory stimuli found that the BPD group showed delayed SCR, although no significant differences in SCR amplitude when compared to controls, indicating that although their response was delayed, this response was not significantly different to controls (Williams, Sidis, Gordon, & Meares, 2006) . This suggests that although those with BPD showed a delayed response to stimuli, they did not show any greater or lesser level of reactivity than controls.
This inconsistency between findings using auditory stimuli could be partially explained by the nature of Williams et al. 's study (2006) . In Williams and colleagues (2006) study, an auditory discrimination task was used, and thus over time individuals with BPD could become habituated to the auditory stimuli, unlike research (Ebner-Priemer et al., 2009; Grootens et al., 2008) which used aversive intermittent or startling tones as stimuli. Thus, aversive auditory stimuli are likely to have different results to that of an auditory discrimination task, where psychophysiological reactivity is likely to be influenced by habituation.
These results suggest that in general, individuals with BPD do not show significant differences in reactivity to nonemotional stimuli when compared to controls, although this is limited only to auditory stimuli, and therefore further research is needed to investigate reactivity to other non-emotional stimuli.
Reactivity to Emotionally Valenced Stimuli -Given the mixed findings of non-emotionally valenced stimuli, some researchers have queried whether the type of stimuli and its emotional salience may impact the psychophysiological reactivity of individuals with BPD. Picture slides from the International Affective Picture System (IAPS) have been used to examine whether those with BPD show differences in reactivity to different types of photographic slides (Herpertz et al., 1999) . In the IAPS, standardized slides are categorised into pleasant (e.g., smiling infant, food), unpleasant (e.g., snakes, violent deaths) or neutral slides (e.g., common household objects), and have been used with both Axis I (Weber et al., 2009 ) and Axis II (Herpertz et al., 2000) disorders.
The IAPS was first used in BPD research that examined psychophysiological arousal and reactivity in BPD compared to controls (Herpertz, Kunert, Schwenger, & Sass, 1999) . Psychophysiological measures included SCR, HR and eye blink. Research found that when compared to controls, those with BPD showed no significant differences in either SCR or HR reactivity when aggregated across the task. However, when results were analysed based on the emotional valence of stimuli, the BPD group showed significantly greater SCR and HR when viewing unpleasant slides, above and beyond that of the control group. This suggests that in BPD the level of physiological reactivity is dependent on the emotional valence of a stimulus (Herpertz et al., 1999) . This result has been replicated in a number of studies using IAPS in those with BPD, using measures of eye blink reactivity (Dziobek et al., 2011; Hazlett et al., 2007) . Similar results using RSA as a measure of reactivity have also been found in research of adolescent females who engaged in frequent self-injury and who showed early signs of BPD (Crowell et al., 2005) . study, consistent with previous research (Herpertz et al., 1999) . However, when the stimuli's emotional valence was analysed, individuals with BPD did not show any significant hyperreactivity to unpleasant slides, contradictory to previous research (Herpertz et al., 1999) . Interestingly, significant differences between the groups became evident during pleasant slides, with the BPD group showing significant deceleration when viewing pleasant slides, in opposition to the HR acceleration of both the control and AvPD groups (Herpertz et al., 2000) . This lowered SNS activity during pleasant slides was consistent with self-report data, with the BPD group reporting significantly lower levels of arousal during pleasant slides, which was consistent with previous self-report data of BPD (Herpertz et al., 1999) .
From these results, it appears that individuals with BPD are no more reactive in general than controls (Dziobek et al., 2011; Hazlett et al., 2007; Herpertz et al., 1999) , or those with Axis II disorders (Herpertz et al., 2000) , although when data are analysed via the stimuli's emotional valence, those with BPD show significantly greater psychophysiological reactivity to unpleasant stimuli, as measured by eye blink, RSA and SCR (Dziobek et al., 2011; Hazlett et al., 2007) , and significantly lower reactivity to pleasant stimuli (Herpertz et al., 1999 (Herpertz et al., , 2000 . From these findings, it could be argued that individuals with BPD appear primed to focus on negative stimuli, consistent with research showing those high in BPD features more accurately interpret negative facial expressions than controls, with a bias towards over attributing negativity in non-negative stimuli (Scott, Levy, Adams, & Stevenson, 2011) .
This preoccupation with negatively emotionally valenced stimuli, and impaired in enjoyment of pleasant stimuli may be implicated in the self-reported chronic dysphoria in BPD (Cheavens & Heiy, 2011; Kuo & Linehan, 2009; Links et al., 2008; Meyer et al., 2005; Reisch et al., 2008; Russell et al., 2007; Selby et al., 2009; Stanley & Wilson, 2006) .
More recently research extended the IAPS by pairing slides with acoustic startles (Vitale & Newman, 2012) . Participants included prisoners reporting low and high BPD features on the Diagnostic Interview for Borderlines (DIB).
Results showed no significant differences between groups, with the group classified as high in BPD symptoms failing to show greater reactivity to negative stimuli, contrary to previous results (Dziobek et al., 2011; Hazlett et al., 2007; Herpertz et al., 1999 Herpertz et al., , 2000 . However, those with high-BPD features showed significant slowing of blink sensitivity when viewing pleasant slides. It was concluded that this slowing may be related to the focussed attention required to interpret positive, and thus less familiar stimuli (Vitale & Newman, 2012) . These findings contrast with previous studies using the IAPS (Dziobek et al., 2011; Hazlett et al., 2007; Herpertz et al., 1999 Herpertz et al., , 2000 , although may be related to the decreased levels of self-reported pleasure (Herpertz et al., 1999 (Herpertz et al., , 2000 , and psychophysiological deceleration (Herpertz et al., 2000) in response to pleasant stimuli. However, these results need to be taken with caution, as Vitale and Newman's (2012) participants were derived from incarcerated and non-clinical populations, and thus may not be representative of the wider clinical BPD population.
Although research using the IAPS has shown a general trend towards hyperreactivity to unpleasant stimuli (Dziobek et al., 2011; Hazlett et al., 2007; Herpertz et al., 1999) , with some evidence for impaired reactivity to pleasant stimuli (Herpertz et al., 1999 (Herpertz et al., , 2000 , some critics have argued that the IAPS contains generalised images which are unlikely to be emotionally provocative of the diagnosed BPD individuals' psychology, and thus it is postulated that scripts featuring schemas believed pertinent to BPD, namely rejection and abandonment may be more salient and thus provoke the theorised hyperreactivity of BPD.
Research by Limberg, Barnow, Freyberger, and Hamm (2011) used scripts containing either general emotional content or schema-specific content, particularly tailored to evoke the abandonment or rejection schemas. Within-groups analysis showed that BPD individuals showed significantly greater reactivity, as measured by HR and SCR, during the disorder-specific scripts compared to the general emotion-inducing scripts. Further, betweengroups analysis indicated that the BPD group showed significantly greater reactivity to both disorder-specific and general emotion-inducing scripts, when compared to controls (Limberg et al., 2011) . It was concluded that those with BPD appear to be more hyperreactive to scripts which are considered salient to BPD symptomatology than general emotion-inducing scripts, and this difference is significantly greater to that of controls (Limberg et al., 2011) .
Following the hyperreactivity associated with schema-specific stimuli, researchers have queried whether there may also be differences in psychophysiological reactivity to imagery featuring self-injury, suicide attempts and accidental deaths (Welch, Linehan, Sylvers, Chittams, & Rizvi, 2008) . This follows the postulate that self-injury may elicit different levels of reactivity to that of suicide attempts and accidental deaths, with self-injury one of the diagnostic criteria of BPD (APA, 2000) . Results showed increased SCR following scripts featuring self-injury, although found no difference in psychophysiological reactivity to scripts featuring suicidal imagery. It was concluded that self-injury appears to be more emotionally provocative for those with BPD, than stimuli featuring suicide attempts (Welch et al., 2008) . Given the frequent self-injurious behaviour in BPD, this finding suggests that self-injury elicits greater reactivity to that of suicide attempts, which could have multiple theoretical and clinical implications for this client group.
Given the implications of potential hyperreactivity to self-injurious stimuli, researchers have queried whether the significantly high rates of trauma history among BPD samples may be a confounding variable in psychophysiological research (Paris, 2005) . Research by Schmahl et al. (2004) attempted to reduce the potential impact of a trauma history on physiological reactivity using a sample which consisted of all participants reporting a history of childhood physical and/or sexual abuse; with the group delineated depending on diagnosis, either into the BPD group, Post Traumatic Stress Disorder (PTSD) group, and those with no psychiatric diagnosis serving as a control group. Stimuli consisted of scripts developed by incorporating the individual's prior disclosure of their childhood experiences, featuring trauma and abandonment, into personally-salient narratives. These narratives were then read to participants' several days later. In contrast to hypotheses, findings showed no difference between groups, with a non-significant although slight increase of SCR of the BPD group to the scripts featuring abandonment (Schmahl et al., 2004) . This non-significant result was unexpected given previous research findings using schemabased scripts which elicited the proposed BPD hyperreactivity (Limberg et al., 2011) . However, Schmahl and colleagues' (2004) research had a number of limitations, such as a small sample size (10 in the BPD group), and unequal sample sizes (10 BPD, 14 PTSD, 16 controls), which may have contributed to this non-significant result.
In addition to these limitations, it could be argued that any such disclosure which features details of an individual's trauma history is likely to elicit a degree of physiological reactivity (Paris, 2005) , and hence reactivity of participants was not influenced by diagnosis, rather by the commonality of a trauma history as previously theorised (Schmahl et al., 2004) . However, as Schmahl and colleagues (2004) research did not include a control group, with no reported trauma history, this is merely a possibility. Thus, rather than the diagnosis of BPD being characterised by hyperreactivity, it is possible that a history of trauma is a confounding variable which could induce hyperreactivity, and skew psychophysiological results of the BPD population.
In summary, from the current research of reactivity, it appears that those with BPD are no more physiologically reactive to general stimuli than controls. However, they show greater reactivity and increased focus to negatively Europe's Journal of Psychology 2014, Vol. 10(1), 185-203 doi:10.5964/ejop.v10i1.677 valenced stimuli, with some evidence for SNS deceleration and lowered self-reported enjoyment of pleasant stimuli (Gunderson, 1996; Stanley & Wilson, 2006) . Further, when the stimuli contained more salient information, such as BPD-relevant schemas of rejection and abandonment, there appears to be a general, although non-significant increase in physiological reactivity. Research investigating the influence of past trauma provides some indication that trauma history, rather than a BPD diagnosis, may explain the theorised hyperreactivity, and potentially behavioural impulsivity in BPD. However, overall, it appears that BPD are no more physiologically reactive to general stimuli than controls, in opposition to the Biosocial theory of BPD (Linehan, 1993) .
The Role of Habituation in BPD Arousal and Reactivity
From the current research of baseline arousal and reactivity, there appears to be little psychophysiological evidence supporting the Biosocial theory. However, the third component of the Biosocial theory argues that individuals with BPD are not only hyperaroused and hyperreactive, but remain hyperaroused for longer, having a slower return to baseline arousal levels. Hence, it is theorised that habituation, which is a reduction in arousal over time in response to the continued presence of a stimulus, will be impaired in those with BPD (Linehan, 1993) . This proposed impaired habituation was evident in research by Austin, Riniolo, and Porges (2007) , who used a performance task where participants watched three 10 minute emotion-inducing films followed by a series of questions regarding each film. In contrast to the habituation trajectory as seen in controls, the BPD group showed a lack of habituation, with increased arousal, as measured by RSA, in response to prolonged exposure to emotioninducing films. This increase in SNS activity across the task suggests that the BPD group began to physiologically engage in fight-or-flight responses, rather than the expected habituation with signs of SNS deactivation as seen in controls (Austin et al., 2007) . Further research using emotion-induction tasks with individuals diagnosed with BPD have also shown impaired habituation, with those with BPD showing a slower habituation than controls (Dziobek et al., 2011) . Similar results were found in other research using learning tasks which used auditory tones paired with inkblots, which showed impaired habituation, as indicated by SCR (Ebner-Priemer et al., 2009) .
Further research investigating habituation in BPD using social stressor tasks have shown that those with BPD had significantly increased HR across the task, suggestive of increased SNS activity (Weinberg et al., 2009) , which was in contrast to controls, who showed reduced SNS activity across the task. Although findings of impaired habituation are consistent across research using performance tasks and the Biosocial theory, these results of increased SNS activity are contradictory to previous studies of general reactivity in BPD (Dziobek et al., 2011; Hazlett et al., 2007; Herpertz et al., 1999 Herpertz et al., , 2000 . It has been suggested that this divergence is due to the nature of stimuli used. Thus when the experiment requires task performance, the BPD individual may become hypervigilant to avoid making errors, and therefore will show the theorised hyperreactivity and impaired habituation during these tasks, which is not present in experiments without such stressors or performance elements. Weinberg and colleagues (2009) concluded that increased SNS activity during performance tasks indicates that individuals with BPD are more likely to revert to the evolutionary fight-or-flight response during stressors. Hence, individuals with BPD remain physiologically aroused for much longer than controls during performance tasks.
However, it appears that this hyperreactivity is limited to occurring during performance tasks. Given these findings, it is possible that the hyperreactivity in the Biosocial theory is applicable to BPD, and the divergence with current psychophysiological research may be because the stimuli chosen in previous research does not adequately elicit the theorised BPD hyperreactivity.
Europe's Journal of Psychology 2014, Vol. 10(1), 185-203 doi:10.5964/ejop.v10i1.677
Discussion
In conclusion, BPD has long been considered a disorder where individuals are biologically predisposed to emotion dysregulation through baseline hyperarousal, hyperreactivity and impaired habituation. From self-report measures, findings have supported the Biosocial theory, however psychophysiological measures show evidence of hypoarousal rather than hyperarousal, and significant differences in reactivity between those with BPD and controls.
However, there appears to be some evidence of impaired habituation of psychophysiological markers in those with BPD. In summary, these results do not show support for proposed hyperarousal and hyperreactivity in those with BPD, however, do support the theorised impaired habituation described in the Biosocial theory.
Given the mixed results of physiological arousal, reactivity and habituation in BPD, researchers have begun to query whether those diagnosed with BPD are part of a homogenous group, or alternatively the diagnosis of BPD may include multiple symptom trajectories. It is possible that psychophysiological arousal and reactivity re not only dependent on the emotional-valence of the stimulus, but may also be influenced by confounding variables such as trauma and dissociation. Trauma is highly prevalent in those diagnosed with BPD (Yen et al., 2002) , and is known to influence psychophysiological measures (Schmahl et al., 2004) . Dissociation may be another confounding variable (Ludäscher et al., 2010; Schauer & Elbert, 2010; Stiglmayr et al., 2001; Watson et al., 2006) , as the severity of dissociation significantly varies across BPD samples (Ebner-Priemer et al., 2005) , and has shown to influence physiological reactivity and habituation (Ebner-Priemer et al., 2005 . Thus, the current Biosocial theory appears relevant, however may not adequately describe all diagnosed with BPD, rather only a subtype of those with BPD, of which dissociation may be a core feature.
Although the potential of a heterogeneous BPD group requires consideration, the current psychophysiological research of BPD can also be considered via the Emotional Coherence theory. This theory argues that inconsistent results of psychophysiological measures across research of both reactivity and arousal suggests that evolutionary models of reactivity/survival are too simplified to adequately address the complexity of emotions (Mauss et al., 2005) . It is argued that these theories incorrectly assume that the three components of emotional responsivity, namely experience, physiology and behaviour are coherent and will respond to external stimuli in a functional manner in response to environmental demands. Rather, it is argued that these components are rarely coherent, and respond in multiple ways (Mauss et al., 2005) .
Researchers investigated the possible emotional coherence between experiential, behavioural and physiological response systems, with results indicating significant coherence between experiential (self-reported amusement or sadness) and behavioural response systems (facial expressions), although found no significant coherence with psychophysiological measures (Mauss et al., 2005) . Thus, although coherence was found between the experiential and behavioural response system, it appears that psychophysiological indicators may not be a comprehensive measure of emotional intensity (Mauss et al., 2005) . Further investigation into the potential relationships between the physiological, experiential and behavioural response systems is needed to better understand how the emotion dysregulation in BPD is developed and maintained.
The current psychophysiological research body has multiple implications for the assessment and treatment of BPD. Firstly, the possibility of subtypes (Whewell et al., 2000) which show different arousal and reactivity levels suggest the potential benefits of altering the diagnostic criteria of BPD to encourage more accurate assessment and tailored treatments. Further, research showing hypoarousal, hyporeactivity and impaired habituation suggest that treatments for BPD need to incorporate gradual exposure to specific emotionally provocative stimuli to encourage habituation, and enhance the emotional coherence between the experiential, behavioural and physiological systems to environmental stimuli in those with BPD.
However as discussed previously, much of the research of physiological arousal and reactivity has a number of limitations including small and/or uneven sample sizes; the use of different diagnostic tests which have different clinical cut-offs (SCID-II; PAI; IPDE; DIB), which can alter who is included into BPD, as discussed by Paris (2007) .
Further, some samples were derived from non-clinical populations (e.g., university students, incarcerated populations), which may have influenced results, particularly those studies which used the level of BPD features reported to determine inclusion into the BPD groups, rather than obtaining a formal diagnosis of BPD (Dixon-Gordon et al., 2011; Vitale & Newman, 2012) . Further, some studies excluded all individuals with comorbid Axis I or II disorders (Austin et al., 2007; Ebner-Priemer et al., 2005 Limberg et al., 2011) , although others incorporated those with comorbid diagnoses into the BPD group (Grootens et al., 2008; Hazlett et al., 2007; Kuo & Linehan, 2009; Limberg et al., 2011; Schmahl et al., 2004; Taylor & James, 2009; Weber et al., 2009; Welch et al., 2008) , which may have skewed results. In addition, some studies excluded all individuals who were prescribed psychoactive medications (Hazlett et al., 2007; Herpertz et al., 1999 Herpertz et al., , 2000 Limberg et al., 2011; Mauchnik et al., 2010) , although others included these (Kuo & Linehan, 2009; Schmahl et al., 2004; Taylor & James, 2009; Vitale & Newman, 2012) , and given the potential dampening of arousal and reactivity associated with these medications, comparisons are limited. As studies were all conducted in laboratory settings, emotion induction may not be provocative of the emotional dysregulation in BPD. In addition, many of the studies only included female participants (Austin et al., 2007; Dixon-Gordon et al., 2011; Dziobek et al., 2011; Ebner-Priemer et al., 2005 Herpertz et al., 2000; Kuo & Linehan, 2009; Mauchnik et al., 2010; Schmahl et al., 2004; Vitale & Newman, 2012) , and thus these findings may not be representative of the psychophysiological markers of males with BPD. Given these limitations, there remains an evident lack of empirically valid and reliable large-scale studies of the physiological arousal and reactivity of individuals with BPD.
This literature review aimed to provide an overview of the current psychophysiological research of hyperarousal and hyperreactivity in BPD, however as with all research there are some limitations. Firstly, the research collected was limited to academic peer-reviewed journals, and thus results which may have been non-significant are unlikely to be published, and therefore any analysis of published articles may be skewed. In addition, the research was limited to psychophysiological data, which excludes neurological research of arousal and reactivity in BPD, and thus conclusions are limited to psychophysiological response systems. Hence, this review needs to be considered within the wider research body of emotion dysregulation and BPD.
In summary, although current psychophysiological research findings are mixed, it appears that individuals with BPD tend to be generally hypoaroused, and are no more reactive to stimuli than controls, except when the stimuli are salient to the individual, at which point they show significantly greater reactivity than controls. However, dissociation further complicates the scene, and indicates a possibility of BPD subtypes. Thus further investigation of the potential biological basis of BPD is required, to inform a reconceptualisation of the Biosocial theory and in turn refine both the assessment and treatment of BPD to improve psychosocial outcomes for those diagnosed with BPD.
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